SUMMARY Data are given of a consecutive series of 225 cases with depressed skull fracture, admitted within 48 hours after the accident. The series is considered to represent the full range of this type of injury in a densely populated area in the Netherlands. The predominance of young male patients with a compound fracture is stressed. The data are compared with other series. The results of longterm follow-up are presented and particular attention is paid to the rate of early and late epilepsy and persisting neurological deficit. The significance of complications like intracranial haematoma and venous sinus involvement is confirmed. Treatment is discussed. In 66% of cases, most of which were compound, some even severely contaminated, the indriven bone fragments were completely or partially replaced with excellent cosmetic result and low infection rate.
Series of civilian cases with head injury and depressed skull fracture were described by Stowsand and Geile, (1966) ; Miller and Jennett (1968) ; Cabraal and Abeysuriya (1969) . Miller and Jennett paid particular attention to the complications in this type of head injury. Nevertheless, information about incidence, site and severity of injury, cause, age, sex, dural tears, complications, etc., is still rather scarce.
Probably this lack of attention is due to the fact that the majority of these injuries recover rapidly and completely, provided that treatment is appropriate. It seemed worthwhile to review our cases and to compare our data with those of others. We considered the Glasgow series (400 cases: Miller and Jennett, 1968 ) the most suitable for this purpose.
Opinions on the immediate handling of these patients diverge, especially if the fracture is compound. Many important questions arise, such as: should indriven fragments be elevated or not, removed or replaced; antibiotics be given, etc. The answer to these questions is not unanimous and may even vary between surgeons in one department. This encouraged a long-term follow-up study of our cases with revaluation of the results of the therapy used. All cases were admitted within 48 hours after the incident. Fewer than 10 cases, admitted more than two days after the accident and a few cases with puncture wounds through orbit or nose, were excluded. Gunshot wounds were not encountered. In all cases one or more fragments were depressed by at least the thickness of the skull.
Our service covers a population of 1-3 million people of which 900 live within 20 miles of the hospital. It is estimated that at least 9500 of all depressed skull fractures in this area are referred to our department. Therefore this series seems to represent the full range of depressed fractures of the skull in a densely populated area. It is therefore comparable with the Glasgow or Oxford series (Miller and Jennett, 1968 Glasgow series (Fig. 1) , nor from the figures given by St6wsand and Geile (1966) . The preponderance of young patients is striking.
In our series, 86% of the cases were male (Fig. 2) (Fig. 3 ).
The similarity with the Glasgow series is even more striking when the involvement of the dura mater in the compound cases is considered (Fig. 4) . In the relatively small number of closed injuries the findings also corresponded (Fig. 5) . Table 3 shows the distribution over the various bones of the skull. In about one out of every five cases, more than one convexity bone was affected by the fracture line. These cases were classified according to the region where the impression was predominantly situated. In seven cases three or more bones were involved. These cases were attended by a high mortality, as were the cases with occipital localization. The frontal and parietal region were particularly often involved.
This distribution is in agreement with the findings of Stowsand and Geile (1966) and Cabraai and Abeysuriya (1969) . EPILEPSY Jennett (1962 , 1969a There was a much lower frequency of early epileptic fits in the Rotterdam than in the Glasgow series (Table 4) , perhaps due to the retrospective character of our study. Possibly not all fits were noted in the case histories or on the temperature chart. Of the 10 cases observed, five showed localized focal motor attacks and five generalized seizures.
The rate of late epilepsy in Rotterdam (7 1 %) was also lower than in Glasgow (9.50 %) ( Jennett (1962 Jennett ( , 1970 (Table 7) . COMPLICATIONS Miller and Jennett (1968) stressed that serious sequelae are particularly (Hagan, 1971; Hammon, 1971) .
The treatment of penetrating head injuries and depressed skull fracture in civilian cases has shown a gradual change in the past decades. Classical treatment in compound cases consists of elevation and subsequent total removal of all bone fragments at the fracture site with a second operation for cranioplasty at a later date. This manner of treatment is still the method of choice for many neurosurgeons (Rowbotham, 1964; Meirowsky, 1965; Cabraai and Abeysuriya, 1969) . Macewen (1888) was probably the first advocate of replacement of bone fragments. Coleman (1942) replaced fragments only if they were clean and if the dura mater was intact, but Lyerly (1957) also replaced fragments in cases of torn dura mater, provided tight closure within 24 hours could be performed.
According to Lewin (1966) removal of all depressed bone fragments, which often contain dirt and hair, is the routine procedure. He replaces the bony fragments only when the wound is essentially clean, the bone fragments are not obviously contaminated, the dura mater is intact, and provided it has been possible to operate within the first few hours. According to Lewin it is only in a few instances that the conditions are sufficiently favourable to justify this procedure, which is aimed to avoid a large bony defect. Kriss, Taren, and Kahn (1969) , however, report a long-term follow-up in 79 patients with compound skull fractures treated by immediate replacement of the original bone fragments. Only two instances of infection after the procedure were reported and in 75 there was an excellent cosmetic result. They prefer this treatment to classical debridement with or without a second operation to install a prosthesis.
Our way of handling patients with compound depressed fractures has gradually changed in the last 10 years. Initially we performed the classical procedure. Since 1962 we have replaced bone fragments in an increasing number of patients; initially only in clean, but latterly also in contaminated cases. The dura mater was closed if possible, but sometimes watertight closure could not be achieved; the defect was then covered with Gelfoam.
In 60 of our 225 cases we refrained from elevation of the bone fragments for various reasons of which concomitant severe brain damage and shallow depression were the most important (Table 9) . Of the 165 patients who were operated upon fragments were completely replaced in 82, partially replaced in 27, and removed in 56 cases (Table 10) . Compound fractures were present in 152 patients and 13 had closed fractures; 110 patients were operated upon within six hours and 30 between six and The various types of infection observed in our patients are shown in Table 11 . In the four cases with osteomyelitis the infection cleared up after secondary removal of the fragments. Only one of the infected patients, with a severe brain-stem contusion and a subdural empyema developing subsequent to the removal of an acute subdural haematoma, died.
CLOSED INJURIES The problem of treatment in closed depressed skull fracture is less complex than in compound cases. The chances of developing infection are negligible, except in the case of frontobasal fractures involving the paranasal sinuses (most of these, however, are compound). It is, nevertheless, often difficult to decide whether the elevation of indriven fragments is necessary or not. According to Rowbotham (1964) , they are better left undisturbed when they are not causing obvious cerebral symptoms or signs. In his opinion the decision to operate will moreover be influenced by the age of the patient and his type of work, but specific indications for operation exist when a patient is unconscious and thought to be suffering from cerebral compression, when there are signs of underlying brain damage, such as hemiplegia or aphasia, or when a fragment of bone is thought to have pierced the dura mater. Therefore fragments depressed for more than half an inch, those lying end on, or those obviously spiculated should be elevated. A depressed fracture overlying the sagittal or lateral sinus is better left undisturbed to avoid a torrential haemorrhage. Lewin (1966) and Kessel (1969) mention the same indications. This means that the general policy is to advise elevation, although they admit that a depressed fracture alone rarely causes cerebral compression and that epilepsy remains uninfluenced whether the depressed bone is elevated or not. They too prefer a conservative policy in elderly patients.
Of our 32 patients with closed injuries, 13 were operated on and 19 left undisturbed. Initially we handled patients according to the criteria mentioned above, but in recent years more cases were left alone, even when the indentation was more than the thickness of the skull, provided that the patient was conscious and did not show major neurological deficit. Depressed skull fractures overlying major venous sinuses were always left undisturbed unless signs of intracranial haematoma were developing. Our followup results in this small group of patients warrant continuation of this policy, as no adverse effects were observed. Follow-up radiographs in these unoperated cases disclosed that in most patients the indentation persisted, even after 10 years, although the sharp edges of indriven fragments usually were rounded off. In a few children less than 10 years of age with plate-like or shallow indentations the deformation gradually disappeared, and after a few years it could not be detected, either by radiography or by palpation.
DISCUSSION
The rapid increase in the number of head injuries in the last decade results in an increasing annual incidence of depressed skull fracture. Our data confirm Jennett's (1962 Jennett's ( , 1969a opinion about the different characteristics of early epilepsy (occurring within the first week after the injury) and late epilepsy (occurring more than seven days after the injury). In our series also late epilepsy was significantly more frequent when the period of post-traumatic amnesia exceeded 24 hours. The number of patients with epilepsy in this series is too small to warrant conclusions about Jennett's statements regarding the relation between late epilepsy, dural penetration and early epilepsy.
Most patients with a depressed skull fracture recover completely, provided treatment is appropriate. Classical opinions regarding treatment of compound cases were based on war-time experience of missile injuries, and total removal of all indriven and fractured bone fragments was advocated. In the last decade an increasing number of neurosurgeons became convinced that civilian, non-missile and war-time missile cases are not similar. They replaced bone fragments in an increasing number of civilian cases. Excellent cosmetic results without significant adverse effects were reported by Kriss et al. (1969) , and more recently by Jennett and Miller (1971) . Our follow-up results in 165 operated cases are in agreement with those of Kriss et al. They have led to our present opinion about the handling of these patients, which can be summarized as follows:
Replacement of all or part of the bone fragments is justified in clean or contaminated compound injuries, provided the dura mater can be sutured or the dural defect can be covered with Gelfoam. The operation should be performed preferably within 24 hours after the accident. Meticulous debridement of scalp, periosteum, dura mater, and sometimes brain tissue, is vital. In some cases the most contaminated bone fragments can be removed without adverse cosmetic effect. If, in rare cases, local infection and osteomyelitis develop the infected bone fragments should be removed; likewise in cases who have established infection upon admission. With this way of handling the number of second operations for cranioplasty has declined sharply. 
